-Brazil, at their physiological maturity, determined by color and fruit size, and were immediately transported to the Post Harvest Laboratory and cold-stored at 4 o C until processing time. In addition to the fruit, sucrose and high-methoxyl pectin (Danisco, SP, Brazil) were used for the preparation of the jellies.
Jelly processing
Five loquat jellies were prepared and the variation between the formulations was only the loquat cultivar. The preparation of the jelly was conducted in the Plant Product Processing Laboratory.
To obtain the pulp the fruits were cut into four parts and had the seeds removed, they were then mixed with water at a 1:4 proportions and heated for 30 minutes. The paste obtained was then finely sieved in order to obtain the clarified juice. The percentages of ingredients used for preparation of the jellies were 50% fruit pulp, 50% sugar and 1.5% high methoxyl pectin. For the preparation of jellies, sugar was added in the fruit pulp and then the processing was carried out in an open pan heated by a gas flame (Macanuda, SC, Brazil) . After boiling, pectin was added. At the end of the process, when the soluble solids reached 65° Brix, heating was stopped. The total soluble solids were determined using an RT-82 portable refractometer.
Physicochemical analysis
To characterize the different loquat cultivars, the analysis of length, diameter, mass, total soluble solids, total acidity, SS / total acidity (ratio), pH, texture and color (L*, a* and b*) was made in the fresh fruits. In the jellies, soluble solids, pH, total acidity, color (L*, a* and b*) and texture profile analyses (TPA) were conducted. The analyses were performed in the Post Harvest Laboratory in three repetitions.
The total acidity, soluble solids and pH values were determined according to the Instituto Adolfo Lutz (2005) . The color was determined according to the method described by Gennadios et al. (1996) . The L*, a* and b* values were determined using a Minolta CR 400 colorimeter (Konica Minolta Sensing Americas, Inc., New Jersey, USA) with standards and D65 CIELab.
For conducting fruit firmness, we measured the force required for a 3 mm probe coupled to a digital penetrometer, Instrutherm PTR-300 (Instrutherm, São Paulo, Brazil). The determinations were performed at two separate points on the fruit and the results expressed in Newtons (N).
The length and diameter of fruit were measured with the aid of a digital caliper 150 mm (Kingtools, São Paulo, Brazil), and average fruit weight was determined by individual weighing of each fruit with the aid of a semi -analytical scale Shimadzu AUX220, (Shimadzu of Brazil, São Paulo, Brazil).
Texture profile analysis
The texture profile analyses (TPA) of the jellies using a Stable Micro Systems TA-XT2i texturometer (Stable Micro Systems, Goldaming, England) were performed in penetration mode under the following conditions: a pre-test speed of 1.0 mm/s, a test speed of 1.0 mm/s, a post-test speed of 1.0 mm/s, a time interval between penetration cycles of 10 s, a distance of 40.0 mm and a compression with a 6.0 mm diameter cylindrical aluminum probe. The jelly samples were compressed by approximately 30%. The parameters analyzed were hardness, adhesiveness, springiness, cohesiveness, gumminess and chewiness (Friedman et al., 1963; Bourne, 1968; Van Vliet, 1991) .
Sensory analysis
Sensory analysis was performed in the Sensory Analysis Laboratory. An acceptance test was conducted with 80 consumers (50 females and 30 males) aged between 18 and 50 years, where the evaluated attributes were color, taste, consistency and overall liking, through a 9-point hedonic scale (1 = extremely dislike, 9 = extremely like) (Stone & Sidel, 1993) . Each taster assessed, on average, 5 grams of each loquat jelly formulation, which were served in 50 mL plastic cups coded with 3 digits in a monadic manner and in a balanced order (Wakeling & MacFie, 1995) . The tasters were instructed in the use of the hedonic scale and to drink water between samples. The sensory analyses were performed according to the Ethics Committee of the Federal University of Lavras, approval number 893.639. The participants were informed about the sensory tests and provided written consent.
Statistical analysis
To compare the loquat cultivars regarding the physicochemical characteristics and to compare the loquat jellies regarding the physicochemical, rheological and sensory characteristics, initially a univariate statistical analysis (ANDVA) and Tukey mean test were used to verify if there was a difference between samples at a significance level of 5% (p ≤ 0.05).
To correlate the physicochemical and textural characteristics with different jelly formulations, the physicochemical and texture data were analyzed by principal component analysis (PCA). For easy viewing of the jelly formulation sensory acceptance and to correlated with the physicochemical and rheological parameters, a 3-way external preference map obtained by PARAFAC (Nunes et al., 2011) was elaborated.
Data analysis was performed with SensoMaker software version 1.6 (Pinheiro et al., 2013) .
Results and discussion

Physical and physicochemical analysis of loquat cultivars
The average values and the average test of the physical and physicochemical properties evaluated for the different cultivars are shown in Table 1 .
The loquat cultivars showed significant differences (p ≤ 0.05) for average length, and diameter, unit weight, soluble solids, total acidity, ratio, pH, firmness and color parameter a*. For the parameters L*, b*, Croma and Hue significant differences were not observed.
As for the size and weight parameters of loquats, from Table 1 , it can be verified that in the case of the average fruit length the Fukuhara cultivar had the largest dimensions, 47.70 mm of average length and 38.11 mm of average diameter. The Mizauto cultivar differed from other cultivars showing the smaller dimensions, 37.02 mm and 31.12 mm of average length and diameter, respectively. Consequently, the Fukuhara cultivar differed from other cultivars showing the highest unit weight (34.23 g) and Mizauto was the cultivar with lower unit weight (19.97 g). These results are in agreement with Pio et al. (2007) who found that average length and diameter in the range of 30.00 to 40.00 mm in various loquat cultivars from eastern São Paulo.
The soluble solids content in the loquat cultivars ranged from 8.63 to 15.47 o Brix, the acidity ranged from 0.42 to 1.22 g citric acid/100 g, a ratio of 7.07 to 35.21 and the pH ranged from 2.70 to 3.56. These parameters are extremely important as they indicate the ultimate destination of fruits, consumption in natura or processed form.
The soluble solids content is associated with the amount of sugars and organic acids. Since consumers prefer sweeter fruits, this is an important characteristic of products sold to be eaten fresh (Silva et al., 2002) . Thus, the fruits with the highest possibility of acceptance are those that have higher soluble solids levels.
Acidity is one of the factors that compromise the classification of fruit based on flavor. Fruit with acidity levels ranging from 0.08 to 1.95% can be classified as mild in flavor and are well accepted for consumption as fresh fruit (Paiva et al., 1997) . All the loquat cultivars fall into this group (Table 1) .
Dne of the ways most commonly used for evaluation of the fruit flavor is through the TSS/TTA ratio (Antunes et al., 2010) .
The Mizauto cultivar characterized by having the highest soluble solids (15.47 o Brix) and lower total acidity (0.44 g citric acid/100 g) which resulted in a higher ratio (35.21). Furthermore, this cultivar stood out by presenting higher pH values (Table 1 ). These characteristics demonstrate that Mizauto is the cultivar that has the highest sweetness and is the least acidic, probably reflecting in a better sweet-acid balance which is extremely important and desirable for fresh consumption. Although it was the cultivar with smallest dimensions and lowest weight, it seems to be the most suitable cultivar for consumption in fresh form. According to Jonathan & Liliam (2009) the loquat fruit can be eaten fresh and without the peel, because of its good soluble solids.
Dn the other hand, the Kurisaki and Mizuho cultivars differed from the others presenting the least amount of soluble solids (8.63 and 9.4 °Brix, respectively), higher total acidity (1.22 and 1.10, respectively), lower ratio (7:07 and 8:55, respectively) and lower pH (2.70 and 2.78, respectively) ( Table 1) . That is, these two cultivars characterized by presenting less sweet and more acidic fruit. These characteristics are not desirable for fresh consumption; more acidic fruit may be interesting for processing.
Regarding the soluble solids, the values found in this study were higher than those found by Wanga et al. (2015) . This difference may be explained by the higher temperatures of subtropical conditions since environments with higher temperatures and higher photoperiods provide fruits with more soluble solids (Maro et al., 2014) . Regarding the fruit firmness, the range of variation was from 14.30 (Mizauto) to 56.48N (Mizuho) ( Table 1 ). The Mizuho differed from the others, being the cultivar that presented the most firm fruits, however Mizauto had the lowest firmness which may reflect in juicier fruits. Importantly, the difference in the firmness of the cultivars may be due to differences in the fruit maturation stage and not just the difference due to cultivar, because although great care has been taken, we cannot guarantee that all the fruits of all cultivars were picked on at an equal maturation stage. The Mizauto was the least firm cultivar and coincidentally this cultivar presented the highest sweetness, highest ratio and lowest acidity, possibly due to greater maturity of its fruits. According to Singh et al. (2010) the loquats have low firmness in the different cultivars.
In relation to the fruit color of different loquat cultivars, there was no significant difference for the L*, b*, Croma and Hue color parameters (Table 1) . This demonstrates that the loquat cultivars have similar black and yellow color intensity. Since color parameter a* significantly varied from 6.71 (Kurisaki) to 11.53 (Fukuhara) (Table 1), the Fukuhara cultivar characterized by having more intense red color when compared to the other cultivars. These results are in agreement with Zhang & Shao (2015) who also found L* values around 68.00 in different loquat cultivars, but the b* values were lower than those found in the present study. As noted for firmness, color may also reflect differences among cultivars and possible differences in the fruit maturation stage.
Physicochemical and textural analyses of loquat jelly formulations
The average values and the average test of the physicochemical and texture properties of different formulations are shown in Table 2 .
The loquat jelly formulations showed significant differences (p ≤ 0.05) for pH, total acidity, color parameters a* and b*, hardness, Table 1 . Average length (AL), average diameter (AD), unit weight (UW), total soluble solids (SS), total acidity (TA), solids/acidity ratio (Ratio), firmness (Firm.), pH and color (L*, a*, b*, Croma e ºHue) in loquat cultivars. adhesiveness, cohesiveness, gumminess and chewiness. For the soluble solids, color parameter L* and springiness, differences were not observed. In order to facilitate the visualization, the principal component analysis (PCA) was generated to correlate the physicochemical parameters and texture data with loquat jelly (Figure 1 ).
The soluble solids of the loquat jelly ranged from 61.33 to 69.00 ºBrix (Mizumo and Mizauto cultivars, respectively) ( Table 2 ). It was expected that the soluble solids content would not significantly differ because although the loquat cultivars showed different soluble solids, during the preparation of the jelly the final brix degree was fixed. Comparative studies of jelly, jam and juice prepared from loquats showed that the solids of jellies ranges from 65-70° Brix (Rakesh et al., 2011) .
The pH values varied from 3.43 to 3.90 (Kurisaki and Fukuhara cultivars, respectively) ( Table 2) . Through the PCA (Figure 1 ) and the average table (Table 2 ) it can be seen that Fukuhara (F1) and Mizauto (F5) cultivars stood out due to their higher pH (3.90 and 3.80, respectively). The higher pH of the prepared jelly from these cultivars corroborates the higher pH of these fruits in natura.
The acidity of the jellies ranged from 0.02 to 0.07 g citric acid/100 g ( Table 2 ). According to the PCA and the average table ( Figure 1 and Table 2 ) the jellies prepared with Kurisaki (F3) and Mizuho (F4) cultivars stood out by presenting the highest acidity (0.06 and 0.07 g citric acid/100 g, respectively). As for pH, jellies with higher acidity were those obtained from the fresh cultivars that showed the highest values.
Regarding the color, the color parameter L* ranged from 52.47 to 76.03, the color parameter a* ranged from 1.23 to 8.35 and color parameter b* ranged from 6.27 to 33.53 (Table 2) . According to the PCA and the average table (Figure 1 and Table 2 ) in relation to the color parameter a*, the jelly obtained from Kurisaki (F3) and Mizuho (F4) cultivars stood out due to their higher intensity of yellow color (8.35 and 5.25 respectively), compared to the color parameter L* and b*, Mizuato (F5) stood out by presenting the highest intensity of black and red/orange color (76.03 and 33.53 respectively). Dverall, compared to the fruit in natura, the jelly is less intense in yellow/red color and is darker, possibly because of the concentration and the reactions that occur during the heating, such as the Maillard reaction.
Regarding the texture, it can be seen through PCA (Figure 1 ) and the average table (Table 2) Several factors may explain the change of texture among the jellies prepared from different loquat cultivars; among them the amount of sugar present in each cultivar, pH, acidity and soluble pectin content are factors that may influence the gelling and therefore the texture of the final product (Souza et al., 2014) .
Sensory analysis of the loquat jelly formulations
Through analysis of variance a significant difference was verified among the jellies obtained from different loquat cultivars for all the evaluated sensory attributes (p ≤ 0.05). The mean scores Table 2 . Soluble solids (SS), pH, total acidity (TA), color (L*, a*, b*, Croma e ºHue), hardness (Hard), adhesiveness (Adhe), springiness (Spr), cohesiveness (Cohe), gumminess (Gum) and chewiness (Chew) in loquat jelly formulations. and the mean test for the sensory characteristics evaluated in loquat jelly formulations are shown in Table 3 . Figure 2 shows the 3-way external map that represents the distribution of consumers, samples, consumer sensory attributes related to acceptance and physicochemical and texture. The PARAFAC was fixed with 2 factors, which led to a concordia value of 62% and a variance value of 43%. Through TWEPM (Figure 2 ) and the average table for sensory parameters (Table 3) , it can be seen that the most accepted jellies were processed with the Kurisaki (F3) and Mizuho (F4) cultivars, followed by Mizumo (F2). These jellies showed good acceptability with average scores situated between the hedonic terms "liked moderately" and "liked very much". The jelly obtained from Fukuhara (F1) and Mizauto (F5) cultivars were less accepted, having less sensory acceptability than the other formulations with average scores situated between the hedonic terms "dislike moderately" and "liked moderately. "
Regarding the physicochemical characteristics, through the TWEPM (Figure 2 ) and the average table for sensory acceptance and physicochemical parameters (Tables 2 and 3) , it can be seen that the most accepted jellies were characterized by having the highest total acidity and highest color parameter a*, which means more acidic and more intense red color jelly. The less accepted jellies (Fukuhara -F1 and Mizauto -F5) were characterized by having higher pH values, thus being less acidic. In addition, the formulation obtained with the Fukuhara (F1) cultivar was characterized by having the highest values for the texture parameters and the formulation obtained with Mizauto (F5) cultivar showed higher b* and L* color parameters values and higher soluble solids content, characterized by having a darker, more yellow color intensity and sweeter jelly.
From the sensory acceptance results it can be seen that the loquat processing is feasible due to high sensory acceptance of the jellies obtained. Because of the higher sensory acceptance, Kurisaki and Mizuho cultivars are the most suitable for processing in the form of jelly, followed by the Mizumo cultivar. From this study we can see that the consumer has a preference for jellies with higher acidity, lower sweetness, brighter and more intense red color and also prefer a less rigid and firm jelly.
Jellies made with the other cultivars (Fukuhara and Mizauto) had lower sensory acceptability, but that does not mean impossibility of processing because adjustments in processing/formulation can change the undesirable characteristics. Combined with sensory acceptance, factors such as adaptation, susceptibility to pests, production costs and yield should also be considered to indicate what the most interesting cultivars are for industrialization.
In this study it was verified that the less interesting cultivars for fresh consumption seem to be the most appropriate for processing. The Kurisaki and Mizuho cultivars that were less interesting cultivars for fresh consumption because of lower sweetness, higher acidity and lower ratio were the most suitable for processing in the form of jelly. The Mizauto cultivar, that although having smaller dimensions and lower unit weight, appears to be one of the most suitable for consumption in fresh form due to higher sweetness, lower acidity and higher ratio was, however, among the least accepted cultivars after processing in the form of jelly. This fact is extremely interesting because cultivars that seems to be not suitable for fresh consumption were exactly the most suitable for processing.
Conclusions
The different studied loquat cultivars (Fukuhara, Kurisaki, Mizumo, Mizuho and Mizauto) had different physical and physicochemical characteristics which resulted in jellies with different physicochemical, rheological and sensory characteristics. The consumer prefers a more acidic, less sweet, less firm, softer loquat jelly, clearer with a more intense red color. Based on sensory acceptance the most suitable loquat cultivars for jelly processing are Kurisaki and Mizuho. 
